The purpose of this study was to investigate whether additional practice of either upper limb or mobility tasks improved functional outcome during inpatient stroke rehabilitation. This prospective, randomised, single blind clinical trial recruited 30 stroke subjects into either an Upper Limb or a Mobility Group. All subjects received their usual rehabilitation and an additional session of taskrelated practice using a circuit class format. Independent assessors, blinded to group allocation, tested all subjects. Outcome measures used were three items of the Jebsen Taylor Hand Function Test (JTHFT), two arm items of the Motor Assessment Scale (MAS), and three mobility measures, the Timed Up and Go Test (TUGT), Step Test, and Six Minute Walk Test (6MWT). Both groups improved significantly between pre-and post-tests on all of the mobility measures, however only the Upper Limb Group made a significant improvement on the JTHFT and MAS upper arm items. Following four weeks training, the Mobility Group had better locomotor ability than the Upper Limb Group (between-group differences in the 6MWT of 116.4 m, 95% CI 31.4 to 201.3 m, Step Test 2.6 repetitions, 95% CI -1.0 to 6.2 repetitions, and TUGT -7.6 sec, 95% CI -15.5 to 0.2 sec). The JTHFT dexterity scores in the Upper Limb Group were 6.5 sec (95% CI -7.4 to 20.4 sec) faster than the Mobility Group. Our findings support the use of additional task-related practice during inpatient stroke rehabilitation. The circuit class format was a practical and effective means to provide supervised additional practice that led to significant and meaningful functional gains. 
Introduction
Task-related practice is advocated during stroke rehabilitation to improve functional performance of daily activities such as walking and reaching to grasp objects Shepherd 2002, Sonoda 1999) . The amount of practice appears to be a crucial factor in effective treatment regimes (Duncan et al 2003 , Kwakkel et al 1997 with emerging evidence that increased task-related practice improves walking ability in post-acute stroke (Hesse et al 1995 , Kwakkel and Wagenaar 2002 , Richards et al 1993 and use of the arm in chronic stroke (Taub et al 1999) . Despite these findings, stroke patients have consistently been observed to spend long periods of time inactive during inpatient rehabilitation (Esmonde et al 1997 , Mackey et al 1996 . Limited practice of motor activities is likely to have a negative impact upon functional recovery and could prolong inpatient rehabilitation. However, patients are more likely to practise motor activities when supervised (Mackey et al 1996) , highlighting the need for staffing resources to be allocated to programs that encourage more structured practice.
Several randomised controlled trials have demonstrated that structured exercise programs improve functional ability in chronic stroke survivors (Dean et al 2000 , Duncan et al 1998 , Potempa et al 1995 , Teixeira-Salmela et al 1999 . A pilot study by Dean et al (2000) employed a circuit class of taskrelated exercises over a four week period. The experimental group practised locomotor-related exercises and strengthening for the affected leg, while the control group performed exercises designed to improve upper limb function. Significant improvements that related to the type of practice were observed only in the experimental group. While improved upper limb ability was noted in the control group, a detectable functional change was restricted to those individuals able to perform the hand dexterity test. However, a significant treatment effect for the control group was not found. Beneficial training effects for the subset of stroke survivors who have some voluntary control of the wrist and hand have also been noted in subacute (Duncan et al 2003) and chronic stroke (Taub et al 1999) .
The circuit class offers a practical and efficient way to promote structured practice of task-related activities during stroke rehabilitation. Physiotherapy staff are able to supervise a group of patients as well as monitor and progress an individual patient's program. Recently, Salbach et al (2004) employed a similar intervention format to Dean et al (2000) on a larger sample of people who were within one year poststroke and discharged from rehabilitation services. This study supported previous findings about the benefit of task-related practice on locomotor abilities in people with moderate walking deficits following a stroke. Another recent large randomised study demonstrated that structured and progressive exercise programs were effective in enhancing mobility and endurance in a similar stroke population (Duncan et al 2003) . The program delivered by Duncan et al (2003) addressed multiple components and included endurance, strengthening, locomotor, and upper limb exercises. Other reports recommend that moderately intense aerobic exercise (Kelly et al 2003 , Potempa et al 1995 and strengthening (Morris et al 2004) programs be incorporated into stroke rehabilitation to reduce physical impairments that contribute to disability.
Our aim was to employ a methodology similar to Dean et al (2000) and Salbach et al (2004) during inpatient stroke rehabilitation. The purpose of the study was to investigate whether additional task-related practice directed exclusively to either upper limb or mobility tasks improved functional outcome during inpatient stroke rehabilitation. A four-week intervention was selected to coincide with current length of inpatient rehabilitation. We hypothesised that (a) subjects from both groups would make significant functional improvement as a result of spontaneous recovery, interdisciplinary rehabilitation services, and participation in the additional training, and (b) subjects would make larger functional gains in the areas in which they received additional practice.
Method
Subjects All inpatients with a primary diagnosis of stroke at Austin Health, Royal Talbot Rehabilitation Centre were monitored for eligibility for the study. The selection criteria were the ability to walk 10 metres with close supervision (with or without walking aids) and ability to provide informed consent. Patients were excluded if they had a deteriorating medical condition, or if they were independent community ambulators. For the purpose of this study, independent community ambulation was defined as a score of six on the Functional Ambulation Classification (Holden et al 1986) and the ability to walk further than 300 m in the Six Minute Walk Test (Enright and Sherrill 1998) . Patients satisfying these criteria were identified by the treating physiotherapist. These patients were then invited by a researcher to participate in the study and gave voluntary consent prior to commencing the study. Sample size Based on a standard deviation of 4.2 steps/15 seconds (Hill et al 1996) , a sample size of 15 subjects per group provides a 90% power to detect an effect on the step test of 5 steps/15 seconds, assuming a significance level of 0.05.
Procedure
This was a prospective, randomised, single blind clinical trial. Subjects were assigned randomly to either an Upper Limb or Mobility training group. Randomisation was performed by a person independent from the study drawing a pre-sealed opaque envelope that specified group allocation.
In addition to the study intervention, all subjects received their usual interdisciplinary rehabilitation, which included one hour of physiotherapy, five days a week. This physiotherapy was based predominantly upon the Movement Science approach (Carr and Shepherd 2002) . The duration of interdisciplinary therapy was recorded. The amount of physiotherapy time related to mobility and upper limb tasks was also documented. Subjects were not blinded to the research procedure although they were not told of the study hypotheses. Treating physiotherapists were not told of group allocations although they may have found out through interaction with subjects during physiotherapy treatments.
Training groups Both the Mobility and Upper Limb Groups received additional task-related practice for one hour a day, five days per week for four weeks. Each session consisted of a circuit of 10 five-minute workstations, with up to four subjects in each session. A physiotherapy department staff member supervised all sessions closely, and all activities were customised and progressed to suit individual subjects. Mobility circuit classes were conducted separately from the Upper Limb sessions.
Mobility Group activities included warm-up and endurance tasks using stationary bikes and treadmills, followed by functional tasks such as sit to stand, step-ups, obstacle course walking, standing balance, stretching as required, and strengthening using traditional gymnasium equipment. Upper Limb Group activities commenced with a warm-up (arm ergometer) followed by functional tasks to improve reach and grasp, hand-eye coordination activities, stretching as required, and strengthening using traditional gymnasium equipment. Therapist-assisted exercises were incorporated for subjects with limited control of arm or hand movement.
After the four weeks training, participants ceased the additional practice and continued with their interdisciplinary rehabilitation program. The overall rehabilitation goals were made independently to the conduct of the study.
Dependent variables
Measures of both mobility and upper limb function were performed on three occasions: 1) prior to commencement in the trial, 2) immediately after the 4-week additional training, and 3) at follow-up six months after completing the additional training. An independent assessor who was blinded to group allocation and previous test results, and was not involved in the treatment of the subject, performed all tests. The order of tests was consistent for all subjects. Testing procedures were standardised in accordance to previous reports. The tests of locomotor performance were the Six Minute Walk Test (6MWT) (Enright and Sherrill 1998) , the Timed Up and Go Test (TUGT) (Podsiadlo and Richardson 1991) and the Step Test (Hill et al 1996) . For the Step Test, the lower of the two measures recorded for each leg was selected as the score (Dite and Temple 2002, Hill 1997) . Measurement of upper limb ability included the upper arm and hand items of the Motor Assessment Scale (MAS) (Carr et al 1985) and the combined time for three sub-tests from the Jebsen Taylor Hand Function Test (JTHFT) (Jebsen et al 1969) : checkers, small objects, and large heavy objects.
Data analysis Independent sample t-tests and chi-square tests were used to examine between-group differences for baseline, treatment time and length of stay data. Two (group: mobility, upper limb) x three (time: initial, 4 weeks, 6 months) split-plot ANOVAs, followed by tests of simple main effects were conducted on the 6MWT, Step Test, TUGT, and JTFHT scores. Log transformations were performed on the TUGT and JTHFT where the assumption of normality was violated (Kolmogorov-Smirnov-Lilliefors p < 0.05). The treatment effect sizes (differences between the two groups) at the four week test were evaluated using the effect size d. The MAS scores were analysed using the Mann-Whitney U test for between-group differences and Wilcoxon signed-ranks test for repeated measures. Alpha was set at 0.05. The Bonferroni correction was used to control the family-wise Type I error rate, with differences considered significant if p < 0.008 (0.05/6). All data were analysed by intention to treat.
Results
Thirty subjects were recruited into the study and their demographic details are provided in Table 1 . Twenty-nine of the subjects recruited were admitted to rehabilitation with their first stroke. One subject from the Mobility Group had had a previous stroke, but had made a good recovery and was living independently in the community. Fifteen subjects were allocated to each training group. All subjects completed four weeks of additional training and follow-up was 100% at four weeks and 97% at six months. All subjects completed the mobility and MAS measurements on the initial and four week test. There were data missing from the JTHFT. At the four week assessment only 12 subjects from each group were able to perform the JTHFT. Of these subjects, the Mobility Group had six left and six right side affected, and the Upper Limb Group had seven left and five right side affected. One subject from the Upper Limb Group was not tested at the six month follow-up as he sustained a hip fracture secondary to a fall after discharge.
The groups were comparable at commencement of the study for factors such as age, gender, type of stroke, side affected, time from stroke onset to rehabilitation admission, or time between onset and commencing the study (p = 0.52 to 1.00) (see Tables 1 and 2 ). The number of additional practice sessions attended and total duration of interdisciplinary therapy were similar for the two groups (p = 0.57 to 0.87). In addition, no difference was found between groups for the duration of mobility and upper limb related practice delivered within the usual physiotherapy sessions (p = 0.35 to 0.60). Interestingly, there was a trend towards the Mobility Group having a shorter rehabilitation stay with regard to days between commencing the study and discharge (p = 0.05) and total length of rehabilitation (p = 0.05) (see Table 2 ).
A significant group by time interaction was found for the 6MWT (p = 0.001), and the interaction approached significance for the TUGT (p = 0.009) (see Figure 1) . When examining between-group differences across the three time levels, analysis of simple main effects found no significant (minutes) 1871 (529) 1906 (594) differences. However, there was a trend at the four week posttest for the Mobility Group to walk further in the 6MWT (p = 0.01) and faster in the TUGT (p = 0.02).
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Analysis of simple main effects for within-group changes over time revealed significant improvements for the Mobility Group on the 6MWT, Step Test, and TUGT (all p < 0.001). The Upper Limb Group also made significant improvements on the 6MWT (p < 0.001),
Step Test (p = 0.001), TUGT (p = 0.006), and JTHFT (p = 0.005). Further analysis of time differences identified that all significant changes occurred between the initial to four week test and the initial to six month test. No significant changes for either group occurred between the four week to six month tests (p = 0.19 to 0.59).
Only the Upper Limb Group made significant improvements over time on the MAS upper arm item, again with changes between the initial and four week tests (p < 0.001) and initial and six month tests (p = 0.004). No other significant changes for the MAS scores were found (see Table 3 ).
At the four week post training test, a large between-group intervention treatment effect was found for the 6MWT (d = 1.00, 95% CI 0.24 to 1.76). Treatment effect sizes were moderate for the TUGT (d = 0.71, 95% CI -0.03 to 1.44),
Step Test (d = 0.53, 95% CI -0.20 to 1.26) and JTHFT (d = 0.36, 95% CI -0.42 to 1.19). In clinical terms, the mean difference between the two groups following the four weeks training was 116 m (95% CI 31 to 201 m) for the 6MWT, 2.6 repetitions (95% CI -1.0 to 6.2 repetitions) for the Step Test, -7.6 sec (95% CI -15.5 to 0.2 sec) for the TUGT, and 6.5 sec (95% CI -7.4 to 20.4 sec) for the JTHFT. The direction of change demonstrated greater locomotor ability for the Mobility Group and greater dexterity for the Upper Limb Group.
Discussion
As hypothesised, subjects from both groups made functional gains over the intervention period. Larger gains were observed in both groups that were specific to the type of additional practice received. These gains exceeded that of usual rehabilitation combined with spontaneous recovery, providing support for the use of task-related training during stroke rehabilitation. The one-hour sessions of additional training were well tolerated by all subjects and were realistic to provide within the constraints of our physiotherapy department.
Task-related training effects were found with the mobility and upper limb variables. The largest between-group treatment effect across the four week intervention was found for the 6MWT. This supports previous studies that also identified the greatest impact of mobility training to be on 6MWT (Salbach et al 2004) . The much larger 6MWT improvements and between-group differences in the present study, compared with Salbach et al 2004, are likely to be due to our sample being earlier post-stroke (including more spontaneous recovery), having a lower initial 6MWT, and being substantially younger. In the present study, smaller identifiable task-related training effects were found for the TUGT,
Step Test, and JTHFT. Only the Upper Limb Group made significant improvements in the upper arm item of the MAS and the JTHFT, despite the loss of statistical power as one-third of each group was unable to perform the hand dexterity test. Other factors that may influence recovery after stroke, such as functional ability, gender, age, type and side of stroke, time since stroke onset, and amount of usual rehabilitation were comparable between groups. Therefore, the specific training effects demonstrated in our study are likely to reflect the efficacy of the additional practice received. The interpretation of these results needs to consider the limitation that this was a clinical trial using a sample of convenience.
Our findings provide evidence that additional task-related practice is effective in improving functional outcomes during inpatient stroke rehabilitation. Moreover, the extra practice appears to lead to clinically meaningful changes in functional ability. For example, the Mobility Group walked on average 116 metres further in the 6MWT than the Upper Limb Group. Enhanced endurance may have important implications for the level of walking disability, with previous findings of limited walking endurance in sub-acute (Kelly et al 2003) and chronic stroke (Dean et al 2001 , Macko et al 1997 . The larger gains in standing balance measured in the Mobility Group may also reduce risks of falls as noted in the elderly (Dite and Temple 2002, Shumway-Cook et al 2000) . Similarly, the enhanced upper limb performance achieved by extra practice has potential benefits for arm use in daily life, but it is unknown whether these changes were clinically relevant. For instance, the Upper Limb Group could perform the three timed hand dexterity tests 6.5 seconds faster than the Mobility Group. However, only one person from each group who was initially unable to perform the JTHFT regained sufficient hand movement to perform the test. Previous research has also reported that improved upper limb ability was confined to a subset of sub-acute stroke survivors (Duncan et al 2003) , and reflects the heterogeneous nature of arm recovery after stroke (Basmajian and Gowland 1987) . Further studies into the efficacy of specific training regimes appropriate for differing levels of upper limb capabilities are required.
The trend towards a shorter length of rehabilitation stay for the Mobility Group subjects has potential implications for rehabilitation costs. Caution is necessary when interpreting this finding because length of rehabilitation was considered a secondary outcome, and would have been influenced by extraneous variables. Further study into the effect of additional practice on length of stay is warranted.
No additional changes were noted between the completion of the study intervention and the 6-month follow-up. Within this phase, no control was applied to the rehabilitation services delivered. At six months, there was no difference between the two groups. At the follow-up, the outcome of several individuals from either group is noteworthy. The individual who could not be tested at six months due to a fractured hip following a fall was classified as a high falls risk by the scores of the TUGT and Step Test (Dite and Temple 2002, Shumway-Cook et al 2000) at four weeks. Two subjects deteriorated in all mobility measures and five decreased their 6MWT distance by more than 15 per cent. Others (Dean et al 2000 , Lindmark and Hamrin 1995 , Potempa et al 1995 have raised concerns that physical ability can deteriorate after discharge from rehabilitation. These observations support recommendations by Dean et al (2001) that clinical measurements such as the 6MWT be used to monitor stroke patients after discharge from rehabilitation, and that exercise programs aiming to prevent the deleterious effects of inactivity be encouraged.
Our findings support the use of additional task-related practice during inpatient rehabilitation. The circuit class format was a practical and effective means of providing supervised additional practice that lead to measurable functional gains. These findings may be generalised to other sub-acute stroke patients with due considerations given to the limitations of our clinical sample. In particular, our subjects could walk short distances with close supervision and were relatively young, with only four subjects from each group being over 65 years of age.
